ABSTRACT. An epithelial cell line, designated as SGE1, has been established from isolated rat renal glomeruli. SGE1 cells are able to grow continuously in a serum-free medium at similar growth rates to those in the medium containing serum. Quantitative studies of the cells in the serum-free condition demonstrated that SGE1 cells required a collagen type I or IV, fibronectin, or laminin-coated substratum for adhesion and growth, and among them, collagen type I and IV were most effective. Essential medium supplements for the adhesion and growth were epidermal growth factor and transferrin, respectively, and both effects were noticeably enhanced with linoleic acid. Morphological observation found that in a monolayer culture, SGE1 cells formed domes, and in a collagen embedding culture, they formed cystic spheres having features of a simple cuboidal epithelium, polarized formation of microvilli and tight junctions as well as a lateral cell membrane with cytoplasmic projections. In addition, SGE1 cells expressed Fx1A antigens, which are nephritogenic antigens on their microvilli.
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The development of extended serial passage of homogeneous glomerular cells in culture may allow us to facilitate the study of individual roles of glomerular cell physiology and pathology, since the glomerulus is a complex structure composed of four major cell types: visceral and parietal epithelial cells, mesangial and endothelial cells. It was found that each of these cells exhibited outgrowth in the primary culture. Several studies have confirmed culture conditions for the selective growth of different types of glomerular cells from isolated glomeruli, and reviews of the results have recently been published (27, 44) . However, long-term culturing by extended serial passage of glomerular epithelial cells have not yet been described in detail. Recently, MacKay et al. (30) reported, however, the establishment of a permanent cell line of cloned glomerular epithelial cells from a line of mice, transgenic for the early region of a simian virus 40, although the cloned cells expressed transformed phenotypes such as lack of contact-inhibited growth and anchorage-independent growth.
We previously attempted to study the effects of culture substratum and medium components on the primary outgrowth of epithelial cells from explanted rat glomeruli (50) . Results showed that the epithelial cells predominantly grew out from explanted glomeruli on collagen type IV-coated substratum and either in a serumfree or 1% fetal calf serum (FCS) containing medium supplemented with insulin (Ins), transferrin (Tr), selenium (Se), fatty acids-free bovine serum albumin (BSA), linoleic acid (LA), and epidermal growth factor (EGF) (50) . When 10% FCS was added, there was a graded decrease of epithelial cells within several days; in contrast, fibroblastic cells probably of messangial origin (27, 44) , began to assume prominence (50) . Moreover, outgrowth of the epithelial cells was definitely dependent on the nature of the substratum because the cells actively outgrew from glomeruli resided on collagen type IV-coated substratum, whereas they did not show outgrowth on uncoated or BSA-coated plastic substratum at all (50) .
In the present study, we report the establishment and characterization of a normal epithelial cell line derived from isolated rat renal glomeruli. 
.
RESULTS
Establishment of a glomerular epithelial cell line. Our previous study (50) and present study have demonstrated that isolated glomeruli which were explanted on the collagen type IV-coated substratum and cultured in DHFs medium with 1% FCS, produced polygonal epithelial cell colonies, although large and flattened cells having irregular cytoplasmic extensions and a small number of fibroblastic cells coexisted as well. In contrast, addition of more than 10% FCS into the medium resulted in overgrowth of the fibroblastic cells. When such an epithelial cell colony was maintained in DHFs medium with 1% FCS, the cells began to grow slowly within 10 days, after which the growth rate gradually accelerated. After one month, a large colony composed of small cuboidal cells developed. During the one-month period, other types of cells were almost eliminated from the dish with a fine-tip glass pole. At this time, the first subculture of the epithelial cells was carried out. Subsequently, the epithelial cells were cloned by selection of a colony which developed from a single cell. The cloned epithelial cells were actively grown and serially subcultured for more than 1 year and at the present, were over the 120th passage. The cloned cells exhibited distinctive polygonal epithelial shape and formation of cobblestone-like sheets (Fig. 1) .
Chromosomal analysis was carried out at around the 30th passage. Ninety percent of the cells showed a diploid chromosome number with a modal number of 42 (range 38-46). About 10% of the cells showed a tetraploid karyotype. Moreover, we ascertained that the cells did not grow in soft agar even at a high density (105 tive, with 45% adherence. All of the substrata, except for the uncoated plastics, also caused spreading and growth of the cells in 5 days of culture, however, the growth rates were much higher on collagen type I and IV compared to those on FN and LN. There was no difference between collagen type I and IV in the growth effects.
These results indicate that the nature of the substratum is an important factor for adhesion and growth of SGE1 cells. the basal medium with BSA and Se was able to stimulate cell growth, but unlike Tr, higher concentrations of FeAC resulted in a depression of the growth rate. This suggests that the critical function of Tr in the growth of SGE1 cells may be in the delivery of iron to the cells because Tr was partially replaced by the inorganic iron. Morphological characteristics. By light microscopy, the cells showed an epithelial morphology with typical polygonal shape and prominent nucleoli. When confluence was reached, SGE1 cells exhibited cobblestone-like sheets and formed domes or hemicysts, suggesting that they were capable of vectorial fluid transport (Fig. 1) .
When ultrathin sections of the cells at confluence were viewed by electron microscopy, as shown in Fig. 8A , SGE1 cells had numerous short microvilli and cytoplasmic projections on their cell surface, junctional complexes and bundles of intermediate filaments. Figure 8B shows accumulation of a basement membranelike substance in intercellular space.
We characterized SGE1 cells with respect to structural polarity in monolayer culture as a formation of domes. It has been known that cultured epithelial cells which are derived from different tissues and have potency of vectorial fluid transport can form lumina when embedded in collagen gels (2, 15, 18, 33, 53) . In fact, when dissociated SGE1 cells were cultured in collagen gels, the cells grew and formed compact aggregates after 7 days, after which lumina was formed within the spheres. The paraffin sections of the spheres stained with PAM confirmed this event, and showed a layer of silver-positive substances underneath the outer surface ascertained whether SGE1 cells contained Fx1A antigens. As shown in Fig. 11 , it appeared that anti-Fx1A antigen antibodies stained the perinuclear region of the cytoplasm with a granular pattern in Nonidet P-40 treated cells. Staining also appeared on the cell surface, possibly on the microvilli. Localization of Fx1A antigens on the microvilli was confirmed by immunoelectron microscopy (Fig. 12) Among the supplements primarily involved in the growth control of SGE1 cells are EGF, Tr and LA. Tr has been shown to exhibit growth-stimulating activity for most, if not all, cell. lines grown in a serum-free medium (1, 20) , and was also found here to be an essential growth factor for SGE1 cells. It seems likely that the role of Tr is to deliver iron to the cells because nontransferrin-bound iron, such as FeAC, is able to substitute partially for Tr. However, unlike Tr, FeAC at a relatively higher concentration is cytotoxic. Why FeAC cannot be completely substituted for Tr is unclear. It is known, however, that some iron acquired from FeAC or other iron chelates becomes cell membrane-associated (48) . This then might exert cytotoxic action due to the catalyzing formation of free radicals and to promotion of lipid peroxidation of the cell membrane (13) .
To our knowledge, requirement of EGF for the growth of glomerular epithelial cells is a novel finding, and the role of EGF has been defined in the present study. In contrast, Oberley et al. (36) reported that addition of EGF did not allow growth of glomerular cells resembling visceral epithelial cells. Although EGF is known to be a potent mitogen for various types of cells, the present supplement-deletion assay suggested that EGF did not act as a mitogen but acted as an adhesion-stimulating factor. Evidence is accumulating which suggests that EGF is involved in regulating membrane expression and extracellular secretion of cell adhesion-relating molecules involving extracellular matrix components.
EGF has been shown to stimulate increased hyaluronic acid secretion (29) and FN synthesis by fibroblasts (7), to increase the synthesis of collagens by liver epithelial cells (28), and to stimulate increased expression of FN and LN in cancer cells of the breast (45) . In a study of the growth control of rat mammary epithelial cells in a serum-free medium, EGF was shown to increase collagen type IV synthesis which accumulated as an insoluble extracellular matrix (42) . Thus, EGF might stimulate adhesion of SGE1 cells together with increased membrane expression and/or extracellular secretion of adhesionrelating molecules.
Stimulating effects of both EGF and Tr on the growth of SGE1 cells were synergistically enhanced by LA, although LA itself did not exhibit stimulation of the growth. The mechanism of the enhancing effects of LA has not yet been defined. However, it is hypothesized that the effects caused by unsaturated fatty acids result from the changes in cell membrane fluidity (10, 16, 43, 52) and/or transport (21, 46).
Finally, an important property of SGE1 cells is possession of Fx1A antigens in the cytoplasm and on the cell surface, especially on the apical microvilli. It is known that Fx1A antigens localize on renal proximal tubules and glomerular visceral and parietal epithelial cells, and that immunization of Fx1A antigens in the rat induces Heymann nephritis which closely resembles membranous glomerulonephritis, a common type of human glomerular disease (3, 6, 9, 24) . However, the precise molecular nature of Fx1A antigens, except for a glycoprotein with an apparent molecular mass of 330 kilodaltons (Gp 330) (24), has not yet been fully determined (22). Therefore, the induction mechanisms of Heymann nephritis have not been clarified either. Because SGE1 cells are able to be undergo passage for a long time and show relatively rapid growth, it would be possible to constantly provide a large supply of Fx1A antigens to biochemical and pathological studies to be used to gain further insight into the pathogenesis of Heymann nephritis. Thus, it is shown that in vitro culture of SGE1 cells can provide a useful method to study physiological and pathological roles of renal glomerular epithelium.
